Abstract. -Relations between Alpine detachment-bounded metamorphic domes, crustal-scale strike-slip fault zones and sedimentary basins in the Internal zones of the Betic cordillera are still matter of debate. Current tectonic interpretations of these basins vary from late-orogenic extensional structures to compressional ones associated with strike-slip motions along major still active faults. Structural investigations including new field mapping, meso-scale faults recognition, palaeostress analysis of brittle small-scale faults systems were performed in the sedimentary cover of the Almanzora corridor and the Huércal-Overa basins, located either in the hanging wall unit of the Filabres extensional shear zone or at the termination of the Alhama de Murcia sinistral fault zone. In parallel, a detailed study of the ductile and the ductile-brittle deformation was carried out in the footwall unit of the Filabres extensional shear zone, in the NevadoFílabride complex. Three main brittle events were recognised in the basin cover including two extensional events that occurred prior to a weak tectonic inversion of the basin during a third, still active event. The first one, D1 b is characterized by the development a first stress regime consistent with~NW-SE extensional tectonics. Besides, the consistency between the latest ductile and the brittle kinematics for the Filabres extensional shear zone and the activity of meso-scale fault systems that primarily control the main SW-NE depocentres allow concluding to a top-to-the-NW continuum of strain during the final exhumation of the Nevado-Filábride complex. The resulting overall half-graben architecture of the basins is then related to the combination of the formation of the metamorphic domes that added a local control superimposed on the regional deformation. Indeed, after a consistent top-to-the-west shearing prevailing during most of the Nevado-Filábride exhumation, final exhumation stages were in turn, characterised by important kinematics changes with a subordinate top-to-the-NW sense of shear (D1 b ). The onset of sedimentation in the basins occurred shortly after the crossing of the ductile-brittle transition in the underlying metamorphic domes at ca. 14 Ma into SW-NE fault-bounded troughs. Tectonic subsidence was then maintained during D2 b while extensional kinematics changed to N-S or even locally to SSW-NNE. Extensional tectonics then lasted most of the Tortonian during the final tectonic denudation increments of the Sierra de los Filabres achieved at ca. 9-8 Ma. Intramontane basins are therefore genuinely extensional and clearly related to the latest exhumation stages of the Nevado-Filábride complex in the back-arc domain. Conversely, at ca. 8 Ma, basins started to record a~N-S to NNW-SSE compressional stress regime (D3 b ) and ceased to be active depocentres while shortening within the Internal zones then recorded only the Iberia/Africa convergence. The weak inversion of the basins however resulted either in the reactivation of originally extensional faults such as the Alhama de Murcia fault or the basin individualisation and a progressive water exchange reduction with the Atlantic ocean and is thus proposed to be directly responsible for the Late Miocene salinity crises.
INTRODUCTION
The Betic-Rif orogen forms the westernmost part of the Alpine orogenic system and results from the closure of the Tethys ocean between Africa and the Iberian peninsula. Subduction and crustal thickening leading to the formation of high-pressure and low-temperature (HP/LT) metamorphic complexes were followed by a late-orogenic extension stage [Platt et al., 1998; Jolivet and Faccenna, 2000] in an overall convergent setting. Plate kinematic reconstructions indeed reveal a continuous convergence between Africa and Eurasia from Late Cretaceous times currently characterised by slow convergence rates of ca. 4 mm/year in a NW-SE direction [e.g. Dewey et al., 1989; De Mets et al., 1990; Rosenbaum et al., 2002; Serpelloni et al., 2007] . These boundary conditions add and interfere in complex ways with internal, body forces, stored during crustal thickening stages and subsequently released during crustal thinning. In the whole Mediterranean domain, late-orogenic evolution of large Alpine segments led to the formation of independent highly-arcuate double-vergent orogenic systems controlled by the behaviour of slabs in the upper mantle [i.e. Royden et al., 1993; Wortel and Spakman, 2000; Faccena et al., 2004; Spakman and Wortel, 2004] .
At first sight, the Internal zones of the Betic cordillera are currently characterised by an alternation of~E-Wtrending large-scale open basement antiforms (i.e. metamorphic domes) and associated narrow elongated structural basins ( fig. 1 ). The internal structure of the metamorphic domes displays a stack of metamorphic complexes bounded by regional scale extensional shear zones reactivating initial major thrusts ( fig.1) [i.e. Platt, 1986; Platt and Vissers, 1989; Gonzalez-Casado et al., 1995; Augier et al., 2005b] . Moreover, a major additional feature of the Internal zones is a prominent set of SW-NE major left-lateral fault, namely the Palomares, Carboneras and Alhama de Murcia fault zones regarded as the onland expression of a crustal shear zone that crosses the whole Alboran domain ( fig. 1) [i.e. De Larouzière et al., 1988] . Such a peculiar geodynamic situation and the current apparent inconsistency of the largescale structures fostered a debate about the respective contributions of extensional and compressional regimes in the present-day finite geometry. In particular, the origin of sedimentary basins, referred to intramontane basins that developed within the Internal zones during Neogene times is still disputed. Basins are indeed diversely interpreted as resulting from late-orogenic extensional processes, strike-slip tectonics (e.g. pull-apart basins) or simply flexural synclines [Bousquet and Montenat, 1974; Bousquet et al., 1975; Montenat et al., 1977; Bousquet, 1979; Ott d'Estevou and Montenat, 1990; Mora, 1993; Vissers et al., 1995; Silva et al., 1997; Montenat and Ott d'Estevou, 1999; Poisson et al., 1999; Augier, 2004; Meijninger and Vissers, 2006; Pedrera et al., 2007 Pedrera et al., , 2009 Pedrera et al., , 2010 Pedrera et al., , 2012 . In order to test these various interpretations, this study explores the tectonic record of the prominent~E-W-trending Huércal-Overa and Almanzora corridor basins, lying either in the hanging wall of a major extensional shear zone (e.g. FSZ; fig. 1 ) roofing the Sierra de los Filabres metamorphic dome and or located at the termination of the major, still active Alhama de Murcia strike-slip fault (AMF on fig. 1 ) as well as their relative basement. A detailed analysis of brittle deformation including new field mapping, meso-scale faults recognition, palaeostress analysis of small-scale fault systems was performed mostly in the sedimentary cover. Structural fabrics and kinematic indicators as well as their relations with published changing metamorphic P-T conditions and geochronological data were also studied in the Nevado-Filábride metamorphic complex. This study particularly addresses the link between crustal-scale, deep-seated processes such as the exhumation of the Alpine metamorphic rocks and their coeval sub-surface expression. The two Late Miocene salinity crises are also discussed as a possible consequence of the Late Miocene tectonic inversion of the extensional basins.
domes and basins" type morphology with E-W trending metamorphic domes flanked by narrow Neogene sedimentary basins [e.g. Martínez-Martínez et al., 2004] . Metamorphic domes currently correspond to structural culminations [Vissers et al., 1995; Martínez-Martínez and Azañón, 1997] of three metamorphic complexes, from bottom to top the Nevado-Filábride, Alpujárride and Malaguide complexes, separated from each other by crustal-scale extensional shear zones [Platt, 1986; García-Dueñas et al., 1992; Lonergan and Platt, 1995; Platt et al., 2005; Augier et al., 2005c] . While the Malaguide complexe is usually devoid of alpine metamorphic imprint, the Alpujárride and the NevadoFilábride complexes both contain HP relics related to subduction and crustal thickening phases [e.g. Goffé et al., 1989; Gómez-Pugnaire and Fernández-Soler, 1987; Azañón and Crespo-Blanc, 2000; Puga et al., 2002; Augier et al., 2005a; 2005c] . The Alpujárride metamorphic complex is indeed characterized by the widespread occurrence of Fe-Mg-carpholite, kyanite, Mg-rich chloritoid or aragonite [Goffé et al., 1989; Azañón and Goffé., 1997; Azañón et al., 1998 ] yielding locally peak-conditions of the order of 10-12 kbar for 450-500 o C [Azañón and Crespo-Blanc, 2000] . The age of the HP-LT event is not well established with ages ranging from ca. 48 to 30 Ma and thus still debated [Monié et al., 1991; Platt et al., 2005; Michard et al., 2006] . The complex has been divided into five allochthonous units, defined upon differences in metamorphic record [Azañón et al., 1994] separated by ductile-brittle low-angle shear zones that acted as large-scale extensional shear zones during the exhumation of the complex Crespo-Blanc et al., 1994] . The main step of the exhumation occurred through a fast~N-S regional penetrative extensional event between 22 and 18 Ma mainly accommodated by the Contraviesa low-angle fault system [Monié et al., 1994; Crespo-Blanc et al., 1994; Crespo-Blanc, 1995; Platt et al., 2005] . The NevadoFilábride (NF) metamorphic complex [Egeler and Simon, 1969] crops out within two tectonic windows in the core of the metamorphic domes ( fig. 1) . No consensus currently exists on the timing and the kinematics of the peak pressure event in the NF complex, which ranges from the Early Eocene (48 Ma [Monié et al., 1991] ), Oligocene (30 Ma [Augier et al., 2005c] ) to as late as the Middle Miocene (17 Ma [López Sánchez-Vizcaíno et al., 2001; De Jong, 2003; Platt et al., 2006] ). Conversely, late exhumation stages are better constrained with the recognition of a set of top-to-the-W or SW major shear zones roofing and locally cutting down the NF complex ( fig. 1 ), namely the Mecina shear zone and the Filabres shear zone (FSZ) that were active sequentially of the main exhumation stages under ductile conditions is constrained either by the clustering of cooling ages [De Jong and Bakker, 1991; Monié et al., 1991; Platt et al., 2005] or by in-situ dating on both greenschist facies assemblages and synkinematic mineral blastesis in deformed rocks between ca. 17 and 13 Ma [e.g. Augier et al., 2005c] . Final exhumation stages, constrained by fission-tracks (FT) and U-Th/He cooling ages took place from 11.9 ± 0.9 Ma (FT on zircons), 8.9 ± 2.9 Ma (FT on apatites), and 8.7 ± 0.7 Ma for recent U-Th/He analysis on apatites [Johnson et al., 1997; Vázquez et al., 2011] . As FT on apatites reveal that the Alpujárride complex reached the surface at ca. 18 Ma [Johnson, 1995; Platt et al., 2005] , the NF complex thus only represented a core complex with respect to the Alpujárrides between 18 to 9 Ma that thus acted as the passive, pre-metamorphic FSZ hanging wall. It is also noteworthy that the last exhumation stages appear synchronous with the inception of sedimentation in the neighbouring basins characterised by the coarse grained continental deposits carrying the first NF detritus [Sanz de Galdeano and Vera, 1992 Sanz de Galdeano and Vera, 1992; Montenat and Ott d'Estevou, 1999] which seems to be related with major, regional-scale extensional events [Sanz de Galdeano and Vera, 1992; Crespo-Blanc et al., 1994; Crespo-Blanc, 1995; Martínez-Martínez et al., 2002] presumably also responsible for the exhumation of the Alpujárride and the Nevado-Filábride metamorphic complexes. The first generation of basins, Burdigalian-Langhian in age is particularly recognised in the western parts of the Internal zones [i.e. Serrano et al., 2006 [i.e. Serrano et al., , 2007 . To the east, only few outcrops are preserved [Serrano, 1990] . Lying unconformably on the Malaguide and the Alpujárride complex, these basins often appear conspicuously associated with~E-W trending, generally top-to-the-N extensional structures (i.e. the Contraviesa extensional system [Crespo-Blanc, 1995] ).
A second generation of basins then formed from the late Serravallian onward [Sanz de Galdeano and Vera, 1992; Vissers et al., 1995] and are generally referred to as intramontane basins [e.g. Meijninger 2006; Pedrera et al., 2010] . At the scale of the Betic orogenic system, stratigraphy of these intramontane basins is comparable from one basin to another sharing the same turning-points during their evolution [e.g. Sanz de Galdeano and Vera, 1992] . However, particular events such as the Mediterranean-wide Messinian salinity crisis (MSC), is so far only recognized in the Tabernas, Sorbas, Níjar, Vera or Lorca basins [e.g. Ott d'Estevou and Bache et al., 2011 and references therein] . To a lesser extent than the MSC, the Tortonian salinity crisis (TSC), also occurred in the northeastern part of the Internal zones and is well documented in the Fortuna basin [Krijgsman et al., 2000; Tent-Manclús et al., 2008] . While the tectonic cause producing the TSC are well accepted [Tent-Manclús et al., 2008] , processes leading to the MSC are disputed and the respective roles of global eustacy, horizontal shortening or regional-scale uplift related to deep-seated processes are debated [Adams et al., 1977; Hodell et al., 1986; Weijermars, 1988; Krijgsman et al., 1999a; Duggen et al., 2003; Jolivet et al., 2006; Luján et al., 2011] .
These mostly~E-W trending elongated sedimentary basins are encased between the main metamorphic domes while some other basins are rather aligned along the Trans-Alboran transcurrent zone and appear linked, at least geographically, to normal faults, sinistral faults and even subordinates thrust faults ( fig. 1 ). Initial discovery of the first-order sinistral shear zone invited earlier workers to interpret the intramontane basins as a mosaic of faultbounded basins including wrench furrows, pull-aparts, compressional and extensional relay basins [Bousquet and Montenat, 1974; Bousquet et al., 1975; Montenat et al., 1977; Bousquet, 1979; Ott d'Estevou and Montenat, 1990; Sanz de Galdeano and Vera, 1992; Silva et al., 1997; Montenat and Ott d'Estevou, 1999; Poisson et al., 1999; Soler et al., 2003 and Masana et al., 2004] formed as a direct consequence of the Eurasia/ Africa convergence.
On the other hand, the recognition of low-angle extensional shear zones able to exhume deep-seated metamorphic rocks sometimes equilibrated in eclogitic conditions rather suggests a late-orogenic collapse [Platt and Vissers, 1989; García-Dueñas et al., 1992; Jabaloy et al., 1993; Vissers et al., 1995; Martínez-Martínez et al., 2002 Augier et al., 2005b; Agard et al., 2011] active as recently as the Late-Miocene [Monié et al., 1994; Johnson et al., 1997; Augier et al., 2005c; Platt et al., 2005; Vázquez et al., 2011] . In parallel, extensional structures, with variable kinematics have also been described in the onshore basins [e.g. Mora, 1993; Vissers et al., 1995; Martínez-Martínez and Azañón, 1997; Amores et al., 2001 Amores et al., , 2002 Augier, 2004; Ruano et al., 2004; Meijninger and Vissers, 2006] or offshore in the Alboran basin [e.g. Comas et al., 1992 Comas et al., , 1999 Mauffret et al., 1992; Watts et al., 1993] . There is thus a debate opposing two contrasting interpretations of the basins and these two opposed views still coexist nowadays [e.g. Pedrera et al., 2007 Pedrera et al., , 2010 .
The Huércal-Overa and the Almanzora corridor basins
The Huércal-Overa basin is an ENE-WSW-trending rectangular basin in direct structural and stratigraphical connection with the~E-W-trending Almanzora corridor basin. These basins that probably share a common evolution are thus grouped hereafter into a single basin ( figs. 1 and 2 ). The Miocene sedimentary infill consistently dips gently toward the south and the whole stratigraphic succession can be studied along N-S incised valleys [Augier, 2004] . The structure of the basin is markedly asymmetric with a gentle onlap of the basin on the Alpujárride basement to the north contrasting with a fault-bounded southern contact and thus defining an overall half-graben geometry [e.g. Mora, 1993; Vissers et al., 1995] . There, younger deposits are usually faulted against a narrow fringe of Alpujárrides and minor klippes of Malaguides separated from the NF complex by the regional-scale extensional FSZ ( fig. 2 ) .
Stratigraphic succession of the basin has been thoroughly studied [Briend, 1981; Briend et al., 1990; Ott d'Estevou and Montenat, 1990; Mora, 1993; Poisson et al., 1999; Augier, 2004; Meijninger and Vissers, 2006; Pedrera et al., 2010; see Meijninger, 2006 for a detailed review]. Despite minor, disrupted and poorly represented sediments attributed to the Serravallian [e.g. Briend et al., 1990; Guerra-Merchán and Serrano, 1993] , the basinfill is mainly dominated by a thick Upper Miocene series reaching locallỹ 1500 m [i.e. Mora, 1993; Augier, 2004] confirmed by recent gravity surveys ( fig. 2b) [Pedrera et al., 2009 [Pedrera et al., , 2010 . The Huércal-Overa basin is characterised by two main SW-NE asymmetric troughs reaching up to 1000-1500 m of thickness aligned respectively along the Sierra de Almagro and along a series of basement highs within the basin ( fig. 2b) [Pedrera et al., 2010] . The western prolongation of this trough turns to a more~W-E orientation that forms the Almanzora corridor basin [Pedrera et al., 2007] .
Through a major erosional unconformity, the base of the series is marked by a ca. 800 m-thick red continental breccia and conglomerate formation attributed to the uppermost Serravallian-Lower Tortonian boundary [Briend et al., 1990; Ott d'Estevou and Montenat, 1990] [Meijninger, 2006; Pedrera et al., 2007 Pedrera et al., , 2010 . Compilation of local sense of flow is from Meijninger, [2006] and Pedrera et al. [2007] . Traces of major shear zones in the basement areas are from Martínez-Martínez et al. [ 2002] ; Augier et al. [2005b] ; Platzman and Platt [2004] . (b) Results (residual gravity anomalies) of gravity surveys performed within the Almanzora corridor and the Huércal-Overa basins [Pedrera et al., 2009 [Pedrera et al., , 2010 . Minimum values of ca. -12 mGal residual gravity anomalies correspond to a ca. 1000-1500 m-thick sedimentary infill [Pedrera et al., 2010] . (c) Lithostratigraphic succession and correlations across the Huércal-Overa and Almanzora corridor basins inspired after [Guerra-Merchán and Serrano, 1993] . Section S4 is presented in details in Augier [2004] .
the Nevado-Filábride are generally toward the E despite local variations probably related with the internal geometry of the fans [e.g. Meijninger, 2006; Pedrera et al., 2007] . A general consensus exists on the lateral equivalence between this coarse clastic formation and at least the upper part of the basal red breccia encountered along the faults bounding the basin margins and fringing basement highs within the basin [Mora, 1993; Augier, 2004] . These continental deposits pass gradually upward and partly laterally into a ca. 300-500 m-thick grey shallow marine formation dated to the Early Tortonian [Briend, 1981; Guerra-Merchán and Serrano, 1993; Guerra-Merchán et al., 2001; Meijninger, 2006] . This formation, including conglomerates and sandstones interlayered with siltstones is characterised by a general grain-size fining upward and assigned to a near-shore deltaic environment; a possible distal equivalent for the underlying continental alluvial fan types. Lying in conformable contact to the north of the basin, this formation acquires a clear transgressive character to the south where it unconformably overlies the Alpujárride basement rocks ( fig. 2a and 2c ). Through a limited regressive sequence [Mora, 1993; Augier, 2004; Meijninger, 2006] , the Early Tortonian is overlain by a~500-800 m-thick transgressive formation of dominant yellow silty-marls dated from the Late Tortonian-Early Messinian [Guerra-Merchán and Serrano; Martín-Pérez, 1997; Meijninger, 2006] . In more details, these open-marine sediments are encountered in the centre of the basin and they pass laterally to reef complexes to the north (e.g. Alto de Ventica reefs [Mora, 1993] ) or shallow marine conglomerates to the south. It is also noteworthy that the active depocentre of the basin migrated again to the South where thick series of conglomerates lie unconformably or in faulted contact with the Alpujárride or even directly the Nevado-Filábride basement (i.e. Albanchez area; fig. 2a and 2c). Late Messinian only crops out in the southeastern part of the basin through a local yet marked unconformity. There, thick coarse-grained conglomerates laterally interfinger into dated Late Messinian marine marls [Briend, 1981; Meijninger, 2006] . The eastern part of the basin is extensively covered by thick series of Pliocene to Quaternary deposits that makes the connection with the Pulpi basin through a large, monotonous plain ( fig. 2 ). Despite numerous studies performed in these basins having a significant component of structural geology [e.g. Briend, 1981; Briend et al., 1990; Ott d'Estevou and Montenat, 1990; Mora, 1993; Barragán, 1997; Poisson et al., 1999; Meijninger, 2006] , only a few palaeostress analyses were conducted [Meijninger and Vissers, 2006; Pedrera et al., 2007 Pedrera et al., , 2010 . Results, compiled on figure 2 are internally consistent and show two preferred orientations of extension oriented~SSW-NNE and NW-SE and a~NW-SE to N-S-trending compression. Interpretations of these data are however contrasted and feed the above mentioned models.
METHODOLOGY
A detailed structural analysis of the basinfill and the adjacent basement areas has been performed over a ca. 40 x 30 km area centred on the village of Albox ( fig. 2 ). Structural study of the basin cover, characterised by brittle deformation consisted in palaeotress tensors reconstructions complemented by detailed mapping of the meso-scale fault systems. Thanks to the recognition of numerous stratigraphic time-markers, the succession of stress regimes is reasonably well constrained in time. This study is complemented by the analysis of the underlying NF basement that recorded, in addition to the above-mentioned brittle deformation earlier deformation stages mostly acquired in ductile conditions.
Structural analysis of the sedimentary cover
A brittle micro-tectonic analysis allowed to reconstruct changing palaeostress fields that have successively affected both the Huércal-Overa and the Almanzora corridor basins and to infer how and when the meso-scale fault systems were formed and to recognise their successive episode of activity. Thanks to good outcrop conditions, these major faults were identified using detailed field survey and highresolution mapping on aerial pictures and satellite images.
Description of brittle structures and the data set collection
The whole study area presents a pervasive network of small-scale to meso-scale fault systems. Running over more than 250 km, the Filabres shear zone (FSZ) is the only large-scale structure that was active under both ductile and subsequent brittle conditions and thus played a major role during the exhumation of the Nevado-Filábride complex [e.g. Martínez-Martínez et al., 2002; Augier et al., 2005b] . The Alhama de Murcia fault [e.g. Meijninger and Vissers, 2006] is also a major brittle structure characterised by a present-day sinistral kinematics. However, in the study area, this fault rapidly dies out into the northern part of the Huércal-Overa basin along the~E-W Albox reverse fault [García-Meléndes et al., 2003] .
The dataset for this study is made of heterogeneous small-scale fault populations measured on 52 sites within the Huércal-Overa and the Almanzora corridor basin sedimentary cover where all the outcropping stratigraphical units of the basin were visited. As it experienced a complex polyphased tectono-metamorphic history basement rocks have not been studied in detail for the brittle analysis, except when relations with sedimentary rocks and/or older (ductile) deformation were unambiguous. Inversion of fault-slip data was carried out using a representative number of measured striated fault planes (983 in total), joints and tension gashes (297) and bedding attitude (for each site) with a set of 15-25 faults routinely collected at each site. Sense of slip, inferred from kinematic indicators such as striae and grooves, Riedel subordinate planes, tensile cracks and more routinely from slickensides (i.e. calcite steps; see review in Doblas [1998] ) were determined. Displacement on faults ranges typically between few cm and few meters (micro-scale faults) while displacement over meso-scale faults generally exceeds several hundreds of meters.
Dating the successive palaeostress states
Changing stress fields leading to the successive formations of new fault sets and/or the possible reactivation of inherited faults results in the accumulation of brittle structures as a heterogeneous fault set. For each site, this set has been splitted into homogeneous, cogenetic fault populations 
Syn-sedimentary and stratigraphic (s.l.) age constraints for the deformation
Syn-sedimentary deformation is a common feature in the Huércal-Overa basin. Normal faulting that occurred during sedimentation or the early diagenesis stages within the basin has already been documented in many previous studies toward which the reader is referred for more details [Briend, 1981; Briend et al., 1990; Ott d'Estevou and Montenat, 1990; Mora, 1993; Augier, 2004; Meijninger and Vissers, 2006; Pedrera et al., 2007 Pedrera et al., , 2010 Pedrera et al., , 2012 . Only new descriptions of syn-sedimentary and stratigraphic age constraints are now presented in details. Syn-sedimentary extension has already been described within the Late Serravallian-Early Tortonian continental formation [Meijninger, 2006] . The most typical features include the development of coeval top-to-the-NNW shallow dipping normal faults and WSW-ENE sedimentary dykes [Mora, 1993] or the formation of~E-W extensional roll-over anticline (e.g. Almajalero area; fig. 2 ; Meijninger [2006] ).
In the Early Tortonian shallow marine formation, geometry of the normal faults seems clearly related to the strong lithologic (i.e. rheologic) layering of the sequence. While normal faults generally develop as 50-70 o -dipping roughly planar surfaces in the sandstone or conglomerate layers, they conversely display a gentle to flat dips in the siltstone or claystone layers. These two types of faults, both oriented W-E to NW-SE interact and often form flat-ramp-flat systems or sets of steep normal faults that bend down on a layer-parallel gently-dipping master normal faults [Mora, 1993; Augier, 2004; Meijninger, 2006; Pedrera et al., 2012] . Arguments including bed omission and rapid lateral changes of both the sedimentary facies and the thickness of the layers in the vicinity of the faults strongly argue for an extensional deformation that occurred during sedimentation [see e.g. Briend, 1981 for the first observations]. An emblematic example of syn-sedimentary roll over development in the hanging-wall of a very gently NW-SE trending fault plane is given along the Santopétar cross-section [Briend, 1981; Briend et al., 1990; Mora, 1993; Meijninger, 2006] . The consistent~W-E to NW-SE orientation of the fault trace direction and the associated slickenside lineation carried by fault planes, irrespective of the delta palaeoslope Meijninger, 2006; Pedrera et al., 2007] clearly discard a pure gravitational origin as already described in deltaic context [e.g. Maloney et al., 2010; Pedrera et al., 2012] .
The Albanchez area also displays syn-sedimentary normal faulting deformation in the lower part of the Late Tortonian-Early Messinian formation (see fig. 2 for location). Along a 5 km long~NNE-SSW section between the South of Cantoria and Albanchez, the series display a consistent SW-dip. Figure 3 displays a field-landscape interpretation accompanied with bedding measurements for the southern part of the section, north of Albanchez. There, bedding attitude displays a large-scale syn-sedimentary roll-over anticline developed above a~N 120 trending meso-scale normal fault ( fig. 3a and 3d) . Partly eroded and devoid of clear morphological scarps, this normal fault however separates the Late Tortonian sediments from the Alpujárride basement with a probable plurihectometric offset ( fig. 3 grained conglomerates and sandstones bars interbedded with silty-marls layers are affected by a small-scale yet penetrative multiple generations of normal faults ( fig. 3b and  3c ). The first generations, showing clear syn-sedimentary features, present a current gentle to flat dip cutting the bedding with angles of the order of 45-50 o and controlling the bed thickness distribution ( fig. 3b) . During progressive tilting, these faults were passively rotated and displaced by new normal faults. Last normal fault generation shows conjugate sets with a dominance of NE-dipping fault planes affecting the steeply SW-dipping bedding, thus indicating that normal faults were formed continuously prior, during and partly after tilting ( fig. 3c ).
The structural development and the sedimentation of the Huércal-Overa and the Almanzora corridor basins appear controlled at all-scale by normal faulting from Late Serravallian-Early Tortonian onward. Orientation of faults (and the associated kinematics) however evolves from SW-NE to WSW-ENE in the basal formation to more W-E to NW-SE for the Early Tortonian shallow marine formation.
The upper bound of the age of extensional structures can be crudely bracketed to the south of the Huércal-Overa basin. There, Late Tortonian sediments, affected by intense normal faulting are unconformably overlain by a thick series of yellow conglomerates attributed to the late Messinian ( fig. 4) . Extensional tectonics is thus sealed by the Messinian as first proposed by Meijninger [2006] . Conversely, the Messinian is often affected by significant tilting ( fig. 4 ) and the post-Messinian cover appears itself faulted by either reverse and/or wrench faults. The uppermost Tortonian-Messinian period therefore appears as the main turning-point in the evolution of the basin corresponding to the inception of the tectonic inversion of the basins.
Discrimination of successive tectonic events by structural criteria
Most of the visited sites display evidence of polyphase faulting and are then characterised by the inhomogeneous character of the data sets. In addition to stratigraphic criteria presented and discussed above, relative chronology based on structural (s.l.) criteria may yield an accurate discrimination of successive tectonic events. Two field examples illustrate the routine analyse carried out when a visiting structural site used for palaeostress reconstructions (see fig. 2 for location) .
An example of geometrical relationships between faulting and folding is given on figure 5 . There, two sets of faults affect the uppermost part of the Early Tortonian shallow marine formation where the bedding, characterised by the alternation of sandstones and more silty-layers presents a SW-directed moderate dip. The dominant set of faults, made of both normal and reverse faults displays flat to gently NE-and SW-dipping fault planes sharing a consistent top-to-the-NE kinematics (figs. 5a and 5d). A close-up view of a representative kinematic indicator is given in figure 5b . A subordinate set also presents both normal and reverse kinematics on sub-vertical faults. Besides, it is also noteworthy that the sandstone layers are conspicuously affected by a single set of layer-orthogonal joints and tension gashes. In their present geometry, none of the computed principal stress axes is vertical and the two other principal stress axes are contained within the bedding in the calculated palaeostress solution thus suggesting pre-folding faults ( fig. 5d ). These principal stress axes become horizontal after back-tilting about a horizontal axis and the resulting back-tilted stress state is then in agreement with the Andersonian model ( fig. 5e [Anderson, 1942] ). This assumption is confirmed~150 m further the SW where the bedding displays a gentler attitude (i.e. 5-10 o toward the SW, fig. 8c ) while joints and tension-gashes are now subvertical and all the faults appear as a single conjugate normal fault set thus preserved in their initial geometry. Occurrence of~E-W clastic dykes (i.e. a syn-sedimentary argument), rotated in the folded area are here subvertical, orthogonal to the bedding ( fig. 5c ).
Most of the studied sites display evidence of polyphase faulting and therefore include reactivated fault planes carrying different sets of slickensides; one of the most reliable criteria of relative chronology between two tectonic events. A field example is given on figure 6 . There, the outcrop is characterised by a steep faulted contact between the Late Serravallian-Early Tortonian continental formation and the Alpujárride basement rocks striking NE-SW (i.e. parallel to the Huércal-Overa fault [Mora, 1993] ; fig. 2 ). Detailed analysis of the fault plane revealed at least three slickenside lineations, associated with tension cracks and accurate kinematic indicators ( fig. 6b and 6c ). The first two motions are dominantly vertical and down-dip, in particular for the first one (i.e. S1 on fig. 6a ). Steeply-dipping Riedel faults and tension cracks developed at right angle of the slickenside lineation clearly show that these first two motions are related to normal faulting. Such kinematics thus complies with the two extensional directions recognised in the previous section. The last motion over the fault plane then presents sub-horizontal slickenside lineations with a clear left-lateral movement ( fig. 6c and 6d) attested by a reactivated Riedel plane ( fig. 6c) . Similar, yet smaller-scale fault plane reactivation evidences are shown in figure 6d .
Based on these criteria and fault cross-cutting relations however rarely observed in the field, the total fault population has been grouped into three main sets. Precise orientation of both fault sets and the resulting inversion of fault-slip data for stress are presented in chapter Structure and kinematics of the Nevado-Filabríde complex.
Palaeostress analysis
A variety of methods have been proposed to estimate palaeostress states from field measurements of fault striations on fault planes for natural fault systems [e.g., Carey and Brunier, 1974; Angelier, 1984 Angelier, , 1990 Angelier, , 1994 Lisle, 1987 Lisle, , 1988 Hardcastle and Hills, 1991; Fry, 1992 Fry, , 1999 ðalohar and Vrabec, 2007] .
Palaeostress orientation patterns were evaluated by the computer-aided inversion method for fault-slip data, which is described in detail by Angelier [1984 Angelier [ , 1990 Angelier [ and 1994 . The reduced palaeostress tensor consists in the identification of the orientation of the three principal stress axes ( 1 , 2 , 3 , the maximum, intermediate and minimum stress axes respectively), and the ratio ⌽ = [( 2 -3 ) / ( 1 -3 )] reflecting the relative magnitude of principal stress axes (axial ratio of stress ellipsoid). Determination of the palaeostress axes have been supplemented and strengthened by the analysis of other accompanying brittle structures such as joints, and tension gashes (open or filled by calcite, gypsum and iron oxy-hydroxydes; see Hancock [1985] or Doblas [1998] ). The study was carried out in weakly strained areas in order to avoid stress perturbation within and at the direct vicinity of important fault zones. The fault population used in this study is composed of microfaults populations embracing structures ranging from centimetres to decametres faults associated cogenetic micro-faults, which are observable on a single and continuous exposure. Kinematics of meso-scale faults as well as large-scale faults were also investigated but were not included in the palaeostress reconstruction.
Structural analysis of the ductile deformation in the Nevado-Filábride complex
Basement domains mostly consist of metamorphic rocks belonging to the two lower metamorphic complexes recognised in the Betic-Rif orogenic system, the Nevado-Filábride and the Alpujárride complexes. Related to older tectonometamorphic events, the structural evolution of the Malaguide and the Alpujárride complexes has not been investigated.
The rocks of the Nevado-Filábride complex are often highly deformed in ductile conditions. Most of the deformation concentrated along the Filabres shear zone Jabaloy et al., 1993; Martínez-Martínez et al., 2002; Augier, 2004 et al., 2005b] . For each station, the main stretching direction(s) and the sense of shear are reported on the map in figure 7.
STRUCTURE AND KINEMATICS OF THE NEVADO-FILABRÍDE COMPLEX
The Nevado-Filábride complex is characterised by a strong and regionally developed planar-linear fabric (i.e. S2/L2 with respects to D2 d event [Augier et al. 2005b] ). This foliation that shapes the overall dome-geometry of the NF complex intensifies toward the FSZ from rather low-strain domains where older fabrics (e.g. D1 d ) are still observable. In the whole Sierra de los Filabres, the upper part of the NF complex, the main foliation carries a strong stretching lineation trending roughly NNE-SSW to ENE-WSW [Jabaloy et al., 1993; Augier et al., 2005b] . In the field, this lineation is associated with lower amphibolite facies retrograde mineral assemblages like biotite, chloritoid and locally staurolite. Deformation appears overwhelmingly dominated by an intense subvertical flattening associated with an~E-W stretching ( fig. 7) .
Evidence for clear non-coaxial flow is however conspicuously observed into the upper~500-700 m of the NF complex below the FSZ. There, the deformation is characterised by an overall, regional-scale top-to-the-W or more locally top-to-the-SW sense of shear [e.g. Jabaloy et al., 1993] marked in the field by the pervasive development of a late extensional crenulation cleavage [Platt, 1979 [Platt, , 1984 . This deformation stage (D3 d event [Augier et al. 2005b] ), while in direct continuity and in partial structural accordance should not be mixed with D2 d . This cleavage, locally highly penetrative, is restricted to the vicinity of major shear zones, in particular along the FSZ and mainly observed in the Permian-Triassic light-schists as well as in the uppermost part of the Paleozoïc black-schists where overlying lithostratigraphic units are tectonically thinned (e.g., fig. 1 ). In the field, a few sites display two stretching lineations, L2 and L3 ( fig. 7) . The second one, L3, associated with the late extensional crenulation cleavage is characterised with the crystallisation of large amounts of greenschists facies minerals such as elongated chlorite, phengite and globular, syn-kinematic albite that clearly postdates the S2/L2 paragenesis. At the scale of the study area, lineation trajectories draw curved patterns evolving from WNW-ESE toward the south (i.e. the dome axis) to NW-SE or even NNW-SSE, to the north, at the vicinity of the FSZ while, conversely, the L2 lineation remains consistently oriented~E-W ( fig. 7) . 40 Ar/ 39 Ar time constraints on the latest mineral recrystallisations along the FSZ yielded ca. 17-13 Ma ages either in the Sierra de los Filabres or in the Sierra Alhamilla [Augier et al., 2005c ; see also Platt et al., 2005] .
Displacement over the FSZ under brittle conditions is attested by a sometime thick et al. 2005b] ). Despite a limited data set, the last ductile deformation (D3 d ) shows a good consistency with respect to the subsequent brittle deformation. Timing of brittle deformation is constrained by the whole spectrum of near-surface thermochronometers from 12 to 8 Ma [Johnson, 1993; Johnson et al., 1997; Vázquez et al., 2011] .
Relationships between these final exhumation stages of the NF complex are discussed in the lights of the palaeostress analysis of the FSZ hanging wall unit carrying the sedimentary basins.
RESULTS OF THE BASIN COVER PALAEOSTRESS ANALYSIS
Three main brittle (D1b, D2b, D3b) tectonic events characterised in the field have been recognised in the studied sites. The
Bull complete brittle analysis allows establishing the succession of theses tectonic events as follows. Results are compiled in table I and are graphically shown in the maps of figures 7, 8 and 9 corresponding to the combination of the existing geologic 1/50,000 sheets [Garciá-Monzón et al., 1975; Garciá-Monzón and Kampschuur, 1975; Simón et al., 1978; Voersmans et al., 1980] , previous studies [Briend et al., 1981; Mora, 1993; Augier, 2004; Meijninger and Vissers, 2006; Barragán, 1997; Pedrera et al., 2007 Pedrera et al., , 2010 , new field mapping and lineament analysis of aerial pictures and satellite images.
Palaeostress tensor group D1 b (NW-SE to NNW-ESE extension)
The oldest brittle tectonic event, partly syn-sedimentary recorded in the sedimentary cover area is mostly recorded by the Late Serravallian-Early Tortonian continental formation [Mora, 1993] and throughout the adjacent basement rocks. Some initial normal faults were often subsequently tilted and now occur with various dips and are sometimes currently present as reverse faults. At small-scale, both low-angle and steep SW-NE trending normal faults seem to coexist depending on the local behaviour of the sediments ( fig. 7 , sites 03, 13, 35, 42) while basement rocks are cut by steep planar SSW-ENE to SW-NE normal faults (sites 34). The associated stress tensor corresponds to a subhorizontal extension ( 3 ) mainly NW-SE directed with a subvertical maximum compression direction ( 1 ). On few sites, WNW-ESE to NW-SE trending faults seem to predate the NW-SE to NNW-SSE faults ( fig. 7, sites 07, 13, 22, 38, 43, 45) .
New field mapping highlighted meso-scale fault systems that affect exclusively the Late Serravallian-Early Tortonian continental formation and the Alpujárride basement along which it is generally faulted. Their identification in the field is limited, particularly to the south as they are unconformably overlain by younger formations (fig. 7) . Their cartographic traces are thus partly inferred from gravimetric data ( fig. 2) . Associated net motions that appear large are rarely constrained in the field and can be again crudely bracketed to several hundred of meters to one kilometre, using gravity data [Pedrera et al., 2009 [Pedrera et al., , 2010 . Major faults, such as the Huércal-Overa, Cantoria or Olula del Rio-Albox faults ( fig. 7) share a common NW dip with a relative uplift of basement rocks currently outcropping as series of basement highs. Subordinate SE-dipping antithetic faults also occur NW of Albanchez or NW of Taberno and intrabasinal faults are consequently sealed below a thick sedimentary cover. Landscape analysis and detailed field work embracing both Nevado-Filábride and Alpujárride basement rocks and the sedimentary cover of the Almanzora corridor seem to indicate that, at least a part of the meso-scale fault listrically bends down on the FSZ as viewed from the local diverging patterns of the bedding. In addition, it is noteworthy that palaeostress tensors for this event are consistent with the latest motions over the FSZ under brittle conditions. Two extension-parallel geological cross-sections are given on figure 7. Inspired and based on both field observations and structural measurements, they largely benefited from gravity data [Pedrera et al., 2009 [Pedrera et al., , 2010 .
Palaeostress tensor group D2 b (N-S to NE-SW extension)
The second brittle tectonic event is characterised by a set of abundant N085-N130 o E-trending normal faults (fig 8) . This brittle event is recorded in all formations including most of the Late Tortonian-Early Messinian formation. A spectacular extensional syn-sedimentary deformation is observed in the Early Tortonian shallow marine formation as shown by bed omission, thickness changes of either side of faults as well as clastic dykes. The strong sedimentary rheological layering of this formation leads to flat-ramp-flat fault systems and sets of steep normal faults that bend down on a layer-parallel gently-dipping normal faults ( fig. 8, sites 3 , 16, 19) . In the underlying formations and in the basement, W-E and SW-NE normal faults are rather steep and planar. Newly formed D2 b normal faults are often accompanied by reactivated inherited D1 b faults (fig. 8, sites 13, 15, 16, 41, 42) with an oblique motion ( fig. 6 ). Beside,~E-W to ESE-WNW-trending shear surfaces in the Alpujárride basement, which were formed under ductile conditions during early to middle Miocene times [Platt et al., 2005] are also sometimes reactivated ( fig. 8, sites 2, 15, 29) . However, an unambiguous separation is only possible when a sedimentary cover is present. This group of stress tensors is characterised by a subhorizontal extension ( 3 ), mainly N-S to NNE-SSW and a subordinate NE-SW direction. The maximum compression direction ( 1 ) -Detailed results of the palaeostress analysis. Indicated are, after a brief description of the site (stratigraphy, lithology and bedding/foliation attitude), the composition of the data-set and the results of the palaeostress tensor determination. RUP is a quality estimator. E and C indicate extensional, compressional regimes, respectively; direction is those of 1 for C regimes, and 3 for E regimes.
Tortonian shallow marine and the Late Tortonian-Early Messinian formations and it ended in any case prior to the Late Messinian deposition (fig 4) . Map-scale faults associated with this event together with two extension-parallel geological cross-sections are given in figure 8. D2 b meso-scale fault systems are less abundant than the previous D1 b ones and are particularly localised toward the basin margins ( fig. 3) . The southern part of the basin, where the depocentre has migrated through time display the most important faults while to the North, the basin basal unconformity is only slightly reworked ( fig. 8) . Besides, some faults seem to locally reactivate the FSZ, as in eastern Almanzora corridor where fault-bounded blocks carry small half-graben shaped basins ( fig. 8) . Conversely, in the Albanchez region, the main faults seem to cross-cut the FSZ as the NF rocks are involved in the hanging wall of the Albanchez normal fault ( fig. 3 and fig. 8 ). Two extension-parallel cross-sections are given on figure 8.
Palaeostress tensor group D3 b (N-S to NW-SE shortening)
The last stage of faulting includes dominantly SW-NE trending sinistral faults, supplemented by scarce NW-SE dextral strike-slip faults ( fig. 9 , sites 01, 02, 08, 09, 13), and E-W to WSW-ENE conjugate sets of reverse faults (fig. 9, sites 01, 03, 08, 09, 13, 16,) . In most sites, the fault population attributed to this palaeostress tensor group contains a significant amount of reactivated faults planes, in particular, NW-SE-trending steep planes formed with an initial D1 b kinematics (fig. 9, sites 04, 13, 41, 46) . This event is partly characterised by strike-slip palaeostress tensor solutions with maximum compression direction ( 1 ) oriented approximately N-S and minimum compression direction ( 3 ) roughly E-W ( fig. 9, sites 05, 13, 41, 46) . A few stations present compressional palaeostress tensors characterised by a maximum compression direction ( 1 ) again oriented approximately N-S and minimum compression direction ( 3 ) roughly vertical ( fig. 9, sites 08) . Other sites present a mixture of this two stress states sharing a common N-S trending maximum compression yielding non-realistic neither vertical nor horizontal intermediate and minimum compression direction. However, field analyses, indicating contradictory cross-cutting relationships argue for an alternation of the two stress fields probably favoured by close absolute values of 2 and 3 . Meso-scale faults associated with this event are dominantly SW-NE sinistral faults that often reactivate D1 b meso-scale normal faults ( fig. 6 ). The only newlyformed meso-scale D3 b compressional structure is located on the southern termination of the Alhama de Murcia fault ( fig. 9 ).
DISCUSSION AND CONCLUSIONS
The intramontane basins as a record of the latest exhumation stages of the NF rocks First clearly stated by Vissers et al. [1995] a close relationship between the exhumation of Alpine metamorphic rocks and the formation of normal fault-bounded intramontane basins has been recently put forward again [Augier, 2004; Augier et al., 2005b; Meijninger and Vissers, 2006] . Intramontane basins would have developed on top of the previously thickened, collapsing Betic-Rif orogenic system affected by pervasive~E-W back-arc extension driven by the westward roll-back, tearing and local detachments of the subducting plate [e.g. Morley, 1993; Lonergan and White, 1997; Duggen et al., 2003 Duggen et al., , 2004 Spakman and Wortel, 2004] .
However, to date, relationships between the exhumation of Alpine metamorphic rocks and the formation of intramontane basins only rely on the simultaneity of the latest exhumation stages of the NF complex [Johnson, 1993; Johnson et al., 1997; Vázquez et al., 2011] and the deposition of Miocene sediments carrying the first NevadoFilábride detritus [Ruegg, 1964; Kleverlaan, 1989; Briend et al., 1990; Mora, 1993; Poisson et al., 1999; Vissers et al., 1995; Pascual-Molina, 1997; Augier, 2004; Meijninger and Vissers, 2006] . This interpretation is however questioned by the kinematics of the deformation recorded along the FSZ and in the hanging wall unit carrying the basins. Indeed, besides the exhumation related to the intense thinning of the Alpujárride complex, most of the NF complex final exhumation is achieved by a set of major top-to-the-W shear zones Augier et al., 2005b; Agard et al., 2011] , while the kinematics of the extensional deformation deduced from the basin analysis has a strong N-S component [e.g. Mora, 1993 [Johnson 1993 [Johnson , 1995 Johnson et al., 1997; Platt et al., 2005; Vázquez et al., 2011] for fission-tracks analyses on zircons and apatites and Vázquez et al. [2011] for U-Th/Pb analyses on apatites. Closure-temperatures are discussed in the text.
al. , 1999; Augier et al., 2005b; Meijninger and Vissers, 2006] . The present structural investigations in both the basement area including a 40 km-long segment of the FSZ and the Almanzora corridor and the Huércal-Overa basins allow proposing a new model for the formation of the basins. Figure 10 provides a compilation of existing kinematics and time-constraints either for the final exhumation stages of both the Alpujárride and the NF complexes or time-markers for the formation and the development of the intramontane basins. After a consistent top-to-the-west ductile shearing during D2 d stage prevailing during most of the decompression of the NF complex and the formation of the main planar-linear fabric (figs 7 and 10), final exhumation stages for the last ca. 10 km were in turn characterised by important kinematics changes [Augier et al., 2005b] . Indeed, during D3 d , the formation of the dome was proposed to explain the divergence of both the stretching lineation and the sense of shear at the scale of the whole Sierra de los Filabres dome limbs (fig. 10 [Augier et al., 2005b] ). In the northern Sierra de los Filabres, this study clearly shows the obliquity of the D2 d and the D3 d stretching lineations ( fig. 10 ). In the uppermost part of the NF complex, into the FSZ mylonites, latest ductile strain increments were thus characterised by NW to NNW stretching lineation associated with a clear top-tothe-NW/NNW sense of shear ( fig. 10 ). Last greenschist mineral recrystallisations occurred at ca. 2kbar for (350 o C around 15 Ma, locally even as late as 13 Ma [Platt et al., 2005; Augier et al., 2005c] . Exhumation of the NF complex was then completed under brittle conditions by continued motions on the FSZ accompanied by the formation of thick tectonic breccia indicating consistent top-to-the-NW/NNW kinematics. A clear continuum of extensional strain from latest ductile to brittle regime is then observed within the FSZ with common top-to-the-NW/NNW kinematics (figs. 10). Independently, new field mapping on the hanging wall unit highlighted mostly NW-dipping SW-NE trending mesoscale normal fault system that controls the Late SerravallianEarly Tortonian continental formation within large-scale asymmetric troughs (fig. 7 [Pedrera et al., 2009 (fig. 7 [Pedrera et al., , 2010 ). Furthermore, inversion of fault-slip data along of SW-NEtrending normal small-scale faults pertaining to the oldest brittle tectonic event (D1 b ) concurrently point to a NW-SE directed subhorizontal extension. It thus appears that the inception of sedimentation occurred shortly after the crossing of the ductile-brittle transition at ca. 14-13 Ma [Augier et al., 2005c] and the onset of cataclastic deformation on the FSZ under an overall SW-NE extensional stress field ( fig. 10 ). The coaxiality of the latest ductile and the subsequent brittle kinematics of the FSZ as well as the consistency between kinematics for the meso-scale fault systems that primarily control the main sedimentation depocentres and the palaeostress tensors deduced from D1 b brittle event allow concluding to a continuum of strain during exhumation ultimately responsible for the onset of sedimentation in the basins (fig. 11) . The resulting overall architecture of the hanging wall unit is a series of fault-bounded blocks collecting sedimentation (i.e. half-grabens) separated by meso-scale normal faults dipping away from the dome and probably rooting in the FSZ.
Extensional deformation prolonged D2 b with different, rather N-S to SW-NE kinematics and therefore lasted during most of the Tortonian times as already described ( fig. 10) [Mora, 1993, Meijninger and Vissers, 2006] . D2 b deformation stage that partly reactivates D1 b faults formed a new set of meso-scale normal faults dominantly located to the South of the basin as exemplified in the Albanchez area where the main fault clearly cut the FSZ and seem to listrically bend down on an intra-NF, shallow North-dipping extensional detachment. Development of the basin therefore appears coeval with the latest exhumation stages of the NF complex settled at ca. 9-8 Ma and subsequently ceased to be active depocentres whereas tectonic denudation of the Sierra de los Filabres ended ( fig. 10) [Johnson et al., 1997; Vázquez et al., 2011] . The Huércal-Overa and the Almanzora corridor basins are thus initially purely extensional basins as already proposed [Mora, 1993; Vissers et al. 1995; Augier et al. 2005b; Meijninger and Vissers, 2006] but this study reveals how the basins developed during the exhumation of the NF complex and sheds lights on the evolution of the FSZ thought time. At larger-scale, an overall half-graben architecture has already been reported based on seismic profiles analysis for the Granada [Morales et al., 1990; Ruano et al., 2004] , the Fortuna-Guadalentín basins [Amores et al., 2001; or in the Alboran sea [Comas et al., 1992 [Comas et al., , 1999 Mauffret et al., 1992; Watts et al., 1993] . It is also noteworthy that existing compilations of tectonic subsidence of onland basins ( fig. 10) [e.g. Cloething et al., 1992] revealed a general common subsidence history from the Late-Serravallian onward. One can then propose that most of these basins initiated as extensional basins linked with the coeval exhumation of the NF complex albeit now sometimes bounded by bounding strike-slip or even reverse faults. This raises the problem of how far this crustal shear zone and particularly the Alhama de Murcia faults played a role in intramontane basin development.
Deciphering the importance of the Trans-Alboran transcurrent zone in the finite strain geometry of the Internal zones Strike-slip activity over the major faults of the TransAlboran transcurrent zone has been recognised at least from the (uppermost Tortonian?) Early Messinian to the present [Booth-Rea et al., 2003; Masana et al., 2004] with finite displacements amounting to several tens of kilometres [Weijermars, 1987; Galindo-Zaldívar et al., 1989] . However, the timing of the onset of strike-slip faulting, the nature of the initial movements as well as their importance or their relationships with the development of the intramontane basin are still debated.
New palaeostress analysis showed that extensional brittle deformation developed, at least from the Late Serravallian onward in direct relation with the final exhumation of the NF complex. Having a strong N-S component, kinematics of extensional deformation appear in direct conflict either with the N-S to NW-SE Eurasia/Africa convergence [e.g. Serpelloni et al., 2007] or the inferred current sinistral kinematics of the trans-Alboran transcurrent zone. Conversely, detailed field observations on both small-scale and meso-scale faults showed a polyphased-slip history, with early rather dip-slip, mainly normal motions (D1 b and D2 b ) overprinted by younger sinistral strike-slip motions (D3 b ). Besides, part of the NE-SW trending faults may also have initiated and acted during D2 b as extension- Meijninger and Vissers, 2006] suggests that, at least, the Alhama de Murcia fault acted as a NW-dipping growth normal fault controlling the sedimentation of Seravallian-Tortonian series. Conversely, it is therefore tempting to propose an initial normal motion for the NE-SW trending faults such as the Huércal-Overa fault regarded as the southwestern prolongation of the Alhama de Murcia fault [e.g. Montenat et al., 1977; 1999; Pedrera et al., 2007 Pedrera et al., , 2010 .
Possible regional consequences for the late orogenic resuming of shortening in the Internal zones
At variance with the External zones that have recorded shortening since the latest Oligocene Early Miocene , Comas et al., 1992 García-Castellanos, 2002] , the Internal zones appear subjected to coeval pervasive extensional tectonics. This evolution is a common feature in the Mediterranean realm thus characterised by confined back-arc extensional tectonics in an overall convergent setting. Another fairly widespread feature is the late resuming of shortening within the collapsed hinterlands in accordance with global plate motions [e.g. Dewey et al., 1989; De Mets et al., 1990 , 1994 Rosenbaum et al., 2002; Serpelloni et al., 2007] . New structural observations together with palaeostress analysis demonstrated that the area experienced a~N-S to NNW-SSE compressional stress regime at the end of the development of the basins. The poor structural record of this compressional event in the study area pleads for a rather weak inversion of extensional structures and the architecture of the basins remain basically half-grabens. However, the Huércal-Overa basin clearly recorded a general uplift associated with the reappearance of coarse-grained continental sedimentation after open-marine conditions (fig. 10 [Mora, 1993; Augier, 2004] . While the ultimate tectonic cause of the Late Miocene crises has not yet been clearly identified, it appears clearly that the progressive closure of the western Mediterranean domain is responsible for the limitation of water exchanges with the Atlantic ocean [Jolivet et al., 2006] . This raises the question of the ability of this resuming of shortening within the Internal Zones in terms of intensity (i.e. shortening/uplift) or timing to reduce Atlantic water supplies and ultimately to trigger salinity crises.
In the southern Huércal-Overa basin, extensional tectonics is sealed by the Late Messinian through a weak angular unconformity. The accurate timing of inversion tectonics remains however uncertain. Besides, space reduction and inception of a major regressive trend in the sedimentation illustrated by a clear shallowing and coarsening upward sequence clearly appear toward the top of the Late TortonianMessinian formation [Pascual-Molina, 1997; Augier, 2004; see also Meijninger, 2006] . In the Vera and Sorbas basins, progressive unconformities (i.e. growth-strata) within the Late Tortonian record were also ascribed to the uplift of the Sierra Alhamilla-Cabrera [Weijeimars, 1987; Barrágan, 1997] . Based on 1D tectonic subsidence analysis, a ca. 8.2 Ma age was thus proposed to reflect the general uplift inferred to the resuming of shortening ( fig. 10) [Augier, 2004] . A similar ca. 8 Ma age was already proposed at the scale of the Internal zones when a general uplift affected the basins that consequently ceased to be active depocentres ( fig. 10 [see also Cloething et al., 1992] . At the scale of the Internal zones, inversion tectonics resulted in large-scale structures and long-term effects leading to the disconnection of the now emerged basins from the Alboran sea [Comas et al., 1992] and lifting Messinian and Pliocene marine marls up to 1000 m . Recently settled between 7,8 and 7,6 Ma, the Tortonian salinity crisis occurred shortly after the onset of inversion tectonics and may illustrate the inception of basin individualisation favouring local evaporitic events ( fig. 10) [Krijgsman et al., 1999b; Garcés et al., 2001; Kuiper et al., 2006] . The Messinian salinity crisis, now precisely dated at 5,96 Ma in the Sorbas basin [i.e. Gautier et al., 1994; Krijgsman et al., 1999a] occurred ca. 2 Ma later, the time needed to stop water exchanges with the Atlantic ocean.
